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Abstract: Cement-bonded particleboards of 6 mm in thickness were 
manufactured using maize stalk (Zea mays ) particles of uniform sizes at 
three levels of board density and additive concentrations respectively. 
The bending strength and dimensional properties were assessed. Increase 
in board density and additive concentration caused increase in Modulus 
of rupture (MOR), Modulus of elasticity (MOE), and decrease in Thick¬ 
ness swelling (TS) and Water absorption (WA). The MOR, MOE and TS 
of the boards were significantly affected by board density except for WA, 
but additive concentration affected all the boards’ properties examined at 
p > 0.05. Strong and dimensional stable cement-bonded boards could be 
manufactured from maize stalk particles with Portland cement as the 
binder after hot water treatment. Although the dimensional stability and 
mechanical strength properties of the boards were affected by the board 
density and additive concentration, the study revealed that ce¬ 
ment-bonded particleboards could be manufactured from maize stalk 
(Zea mays) particles. However, the increase in board density and additive 
concentration could cause the increase in MOR and MOE, and cause the 
decrease in TS and WA of boards. 

Keywords: raw materials; strength properties; analysis of variance; 
dimensional changes; particleboards 

Introduction 

At present, the major raw materials for cement-bonded particle¬ 
boards consist mainly of wood, cement and water with or with¬ 
out a catalyst (Ajayi 2008; Papadopoulos 2008). The acceptabil¬ 
ity of these products stems from the availability and widespread 
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distribution of the raw materials locally. However, the scarcity of 
the economically preferred wood species, over-exploitation of 
natural and plantation hardwood species, lack of effective utili¬ 
zation of wood resources due to huge wastes incurred in wood 
processing industries and encroachment into the free and re¬ 
served forests from unlicensed timber exploiters call for con¬ 
certed efforts by the researchers and wood scientists to initiate 
common solutions to the rapid depletion of wood resources in 
Nigeria and world wide. Finding alternative sources of raw ma¬ 
terials for wood industries to manufacture panel products would 
meet the demand of wood products for construction works in 
perpetuity. 

Agricultural residues as substitute for wood in the manufacture 
of value-added panel products become paramount as boards 
produced could be used as alternative to the timber, which will 
further increase the industrial and economic base of the National 
Development (Erakhrumen et al. 2008; Ajayi 2003c). Proper 
management of agricultural residues could generate employment 
opportunities, increase the earning power of the farmers and 
provide other services, which may be the best option on reducing 
encroachment, exploitation pressure on the reserving the tropical 
forests and reducing the destruction of forests biodiversity as 
means of mitigating world climate change. However, the ce¬ 
ment-bonded boards could be served as alternative to timber 
products in the furniture industry and construction works 
(Aladenola et al 2008), bringing about significant improvement 
in wood products supply, better management of wood resources 
on sustained yield basis and the reduction in environmental deg¬ 
radation due to over exploitation of the tropical forests. 

Lots of researches went into the use of wood as raw materials 
for cement bonded boards (Chittenden et al. 1993; Ajayi 2000) 
and agriculture residues (Ajayi 2003a and 2003b; Simantupang 
et al. 1993). The use of agricultural residues for manufacture of 
panel products is relatively low compared with the use of wood. 
These residues are regarded as of no vital importance, and could 
not be regarded as having huge economic loss and waste of re¬ 
sources, but wealth could be created if judiciously used for 
value-added products manufacture. The use of these raw materi- 
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als for boards’ production would initiate a revolutionized re¬ 
search activities in sourcing and conversion of other agricultural 
byproducts to valuable products. 

The new products will promote increase in continuous estab¬ 
lishment of agricultural produce such as maize, which will in¬ 
crease food production. The high cost of thermosetting resins, 
machinery and heat energy requirement hindered the develop¬ 
ment of resin-bonded particleboards in developing countries. The 
development of cement-bonded boards from maize-stalk will be 
served as genuine alternative, as the raw materials can be secured 
locally at cheaper rate and in a large quantity. Cement-bonded 
boards are considered to be highly denser compared with 
resin-bonded boards. They also provide resistance to termite 
attack, fire and any other degrading agents (Ajayi 2003c; Din- 
woodie et al. 1991). 

Maize (zea mays), which belongs to the grass family, is culti¬ 
vated twice annually and grows to height of 1 m-3 m. The bole 
is straight and solid with nodes and internodes. The diameter at 
the nodes is greater than internodes. The internodes are bigger 
and short at the stump, longer towards the middle and thinner 
towards the top of the bole. The leaves and corn cob grow on the 
nodes. The maize cob is harvested green for 13-14 weeks after 
planting and leaving the stem to decay on the floor of the farm. 
In the year of 2002, 2003 and 2004, the total maize harvest in 
Nigeria was 6 698 000 t, 7 185 000 t and 7 908 800 t respectively 
(Central Bank of Nigeria 2004). The continuous increase in har¬ 
vest was as a result of high investment in agricultural production 
through the provision of soft loans with low interest. The use of 
these byproducts for value added panels production will serve as 
genuine route out of poverty. The objective of this study was to 
investigate the suitability of maize stalk for cement-bonded par¬ 
ticleboards production and to assess the bending strength and 
dimensional stability of the boards manufacture. 

Materials and method 

The maize stalk (Zea mays) used in this study was harvested in 
green condition from the Research Farm of the Federal Univer¬ 
sity of Technology, Akure, Ondo State, Nigeria. The maize 
stalks were cut into billets at the points corresponding to the 
length between two nodes. The nodes were cut off and the 
spongy-like substance inside the core of the stalk was removed. 
Matchet was used to reduce the billets into flakes and transported 
to the Forestry Research Institute of Nigeria, Ibadan, where the 
maize stalks were reduced to particles by the use of hammer mill. 

The particles were sieved with 2 mm wire mesh to obtain ho¬ 
mogenous particles for the study. The particles were dried in the 
open air for two weeks to cause the degradation of the extrac¬ 
tives. Then, the particles were then poured inside an aluminum 
bath containing hot water at 80°C and the treatment lasted for 
one hour. This was done in order to remove possible inhibitory 
chemical substances present in them, which may be likely poison, 
inhibit the setting and curing of cement binder. After hot water 
treatment, the leachate containing water soluble extractives and 
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sugars was drained and washed in cold water for 10 min. The 
particles were air dried and kept inside a controlled laboratory 
environment at the moisture content of 12% approximately for 
two weeks prior to board manufacture. 

Production variables used in board manufacture were as fol¬ 
lows: Board density was 1 050 kg-m' 3 , 1 100 kg-m" 3 and 1 150 
kg-m" 3 . Additive concentration was 1.5%, 2.5% and 3.5%. Con¬ 
stant variables were as follows: Mixing ratio was 3.0:1.0. Board 
thickness was 6 mm. Moisture content of particles was 12% 
approximately. Pressing pressure was 1.23 N-mm" 2 . 

The quantity of maize-stalk particles required for the fabrica¬ 
tion of each board were weighed out and poured inside a mixing 
plastic bowl. The quantity of chemical additive (calcium chloride) 
for each board was dissolved in the quantity of water needed and 
mixed together. This was in turn poured on the maize stalk ag¬ 
gregates inside the mixer and mixed together to wet and saturate 
the particles. The amount of Portland cement for each board was 
slowly added and thoroughly mixed until a well-blended ho¬ 
mogenous particles-water-cement-chemical additive paste free of 
particles/cement lumps was achieved. 

A wooden mould of 350 mm x 350 mm square was placed on 
a metallic caul plate that was covered with polythene sheet, and 
the furnish was formed manually into a uniform mat inside the 
mould. After mat formation, plywood caul plate was placed on 
top and pre-pressed to reduce thickness of the board formed. 
Thereafter, the plywood plate was removed and replaced with 
polythene sheet and metallic plate. The mat was transferred to a 
cold press and pressed under a pressing pressure of 1.23 N-mm' 2 
to a targeted thickness of 6 mm for 24 h. Similar method was 
used to produce all the other boards for this study. Later boards 
were demolded for post-curing. Firstly, boards were kept inside 
properly sealed polythene bags for 28 days for progressive set¬ 
ting and curing of cement to occur. After this the edges of the 
boards were trimmed to avoid edge effects on the test specimens. 
Test specimens were conditioned in controlled laboratory envi¬ 
ronment at 20°C and relative humidity of 65±2% for 21 days. 

The bending strength test was assessed by using test specimen 
of 194 mmx50 mmxboard thickness on tensiometer testing ma¬ 
chine. Specimens were separately supported equally on metal 
rollers at two points of 17 mm away from the two ends of each 
test specimen. Load was applied at the center perpendicular to 
the face and over the entire width of the board’s specimens by 
using a rounded metal bar. Modulus of rupture (MOR) and 
modulus of elasticity (MOE) were strength properties examined. 
Thickness swelling (TS) and water absorption (WA) properties 
of boards were assessed by using the test specimen of 152 
mmxl52 mm, and they were immersed in the cold water for 48 
hours. All tests were carried out according to the procedure de¬ 
scribed in ASTM D (1978). The statistical design for the study 
was 3x3 factorial experiments in completely randomized design 
which gave nine experimental boards. Analysis of variance was 
carried out to determine the significant effect of the factors of 
production on boards’ properties. Duncan multiple comparison 
test method was used to determine the significance of observed 
differences in sample means at 0.05 levels of significance. 
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Results and discussion 

Modulus of rupture and modulus of elasticity 

Table 1 presents the mean values for modulus of rupture (MOR) 
and modulus of elasticity (MOE). They ranged from 1.11 
N-mm" 2 to 4.48 N-mm' 2 for MOR and from 1 050.96 N-mm' 2 to 
3 719.22 N-mnT for MOE. MOR mean values were similar to 
those reported by Badejo (1999) as 3.28-10.46 N-mnT 2 and Fu- 
wape (1995) as 4.0-15.0 N-mnT 2 . The result also shows that the 
board density and additive concentration are related to the MOR 
and MOE values as they are directly influenced by each level of 
combination. The increase in board density and additive concen¬ 
tration caused the increase in MOR and MOE values (Fig. 1 and 
2). This, therefore, made it possible to produce the strongest 
experimental boards at the highest levels of board density (1 150 
kg-m' 3 ) and additive concentration (3.5%). However, heavier, 
stronger and stiffer boards could be manufactured by progres¬ 
sively increasing the board density (Ajayi 2000; Blakenhorn et al. 
1994) and additive concentration (Ajayi 2000; Badejo 1999; 
Fuwape 1995). The influence of board density becomes increas¬ 
ingly significant as the proportion of wood (Ajayi 2008; Badejo 
2005) and that of calcium chloride increased (Ajayi 2000; 
Badejo 1999; Fuwape 1995). For example, strongest boards were 


produced at the highest levels of the combined variables. 
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Fig. 1 Effect of production variables on modulus of rupture 
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Fig. 2 Effect of production variables on modulus of elasticity 


Table 1. The average values obtained for MOR, MOE, TS and WA of maize stalk-based particleboards. 


Board Density 
(kg-m' 3 ) 

Additive Concentration (%) 

MOR (N-mm' 2 ) 

MOE (N-mm- 2 ) 

TS (%) 

WA (%) 

1050 

1.5 

1.11±0.14 

1050.96±71.83 

8.43±0.83 

33.67±5.97 

1100 

1.5 

1.49±0.28 

1749.28±187.79 

7.43±0.69 

32.75±3.41 

1150 

1.5 

3.14±0.08 

2161.50±74.25 

7.09±0.29 

32.15±5.94 

1050 

2.5 

1.48±0.48 

2489.27±156.96 

6.19±0.30 

31.58±2.25 

1100 

2.5 

2.66±0.12 

2531.47±152.78 

5.70±0.30 

30.76±0.51 

1150 

2.5 

3.16±0.33 

2695.60±539.87 

5.64±0.27 

29.89±3.07 

1050 

3.5 

2.03±0.46 

3056.40±71.52 

5.28±0.38 

27.30±2.39 

1100 

3.5 

2.86±0.28 

3380.87±160.12 

5.21±0.29 

25.69±2.04 

1150 

3.5 

4.48±0.73 

3719.22±446.76 

4.92±0.27 

25.50±2.56 


The number before “±” denotes mean values of three replicate, and the number after “±” denotes standard error. 


Greater compaction of boards was achieved as a result of in¬ 
creased the number of bonds and interfaces contact areas be¬ 
tween the particles. The possible effect of remnant inhibitory 
substances was reduced as the quantity of calcium chloride in¬ 
creased which accelerated the setting of cement binder and re¬ 
tarded the activities of sugars on cement setting. Also, it could be 
deduced that heavy and dense nature of boards withstanding the 
load applied to break the boards was as a result of significant 
effect of the factors of production. Table 2 shows that significant 
differences exist in the MOR and MOE, as board density and 
additive concentration had significant influence on them. The 
two factors interaction has no significant effect on MOR and 
MOE at 0.05 level significance. Table 3 shows significant dif- 
ference in the MOR and MOE of boards between 1 050 kg-m" 
and 1 100 kg-m" 3 , 1 100 kg-m" 3 and 1 150 kg-m" 3 ; 1 150 kg-m" 3 


and 1 050 kg-m' 3 and also with additive concentration between 
1.5% and 2.5%, 2.5% and 3.5%, 3.5% and 1.5%, respectively. 


Table 2. Analysis of variance of MOR, MOE, TS and WA of ce¬ 
ment-bonded boards. 


Sources of variation 

df 


F value 


MOR 

MOE 

TS 

WA 

Board density (BD) 

2 

20.937* 

73.880* 

75.497* 

8.324* 

Additive Concentration (AC) 

2 

62.266* 

11.209* 

6.699* 

0.516* 

BD & AC 

4 

2.650ns 

1.907ns 

1.284ns 

0.013 

Error 

18 





Total 

27 






denotes significant (p<0.05), and “ns” denotes not significant (p>0.05). 
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Table 3. Results of multiple comparisons for board density and 
additive concentration 


Factors 

Levels 

Modulus of 

rupture 

(N-mm' 2 ) 

Modulus of 

elasticity 

(N-mm' 2 ) 

Thickness 

swelling 

(%) 

Water 

absorption 

(%) 

Board 

1050 

1.54 a 

2198.88 a 

6.63 a 

30.85 a 

density 

1100 

2.34 b 

2553.87 b 

6.1 l a 

29.73 a 

(kg-m' 3 ) 

1150 

3.60 c 

2918.12 c 

5.88 b 

29.18 a 

Addictive 

1.5 

1.76 a 

1590.46 a 

7.64 a 

32.86 a 

concentra- 

2.5 

2.51 b 

2584.45 b 

5.84 b 

30.74 b 

tion (%) 

3.5 

3.12 c 

3385.50 c 

5.14 c 

26.17 b 


effect on TS only and not on WA. 

Table 3 shows the result of the Duncan multiple range test, it 
reveals significant difference in TS with board density between 
1 050 kg-m" 3 and 1 100 kg-m" 3 , 1 100 kg-m" 3 and 1 150 kg-m" 3 , 
1 050 kg-m' 3 and 1 150 kg-m' 3 , and with the additive concentra¬ 
tion between 1.5% and 2.5%, 2.5% and 3.5%, 1.5% and 3.5%. In 
case of WA, significant difference does not exist between the 
levels of board density, but additive concentration had significant 
difference only between 1.5% and 2.5%, 1.5% and 3.5% respec¬ 
tively. It further shows the significant effect of each level of 
board density and additive concentration on dimensional move¬ 
ment of boards under investigation. 


Values with the same superscript are not significantly different at p> 0.05 and 
vice-versa. Multiple comparison was done using Duncan multiple range test. 

Thickness swelling and water absorption 

Table 1 contains the summary of the average values obtained for 
thickness swelling (TS) and water absorption (WA) after 48 h 
immersion in the cold water. These values ranged from 4.92% to 
8.43% for TS, 25.50% to 33.67% for WA. The values indicate 
that the increase in board density and additive concentration was 
responsible to the decrease in TS and WA as shown in Fig. 3 and 
4. The lowest TS and WA values observed at the highest board 
density (1 150 kg-m" 3 ) and additive concentration (3.5%) levels 
are 4.92% and 25.50%, respectively. As a result, more dimen¬ 
sionally stable boards were produced at these levels as they 
showed relatively high resistance to TS and WA. Therefore, 
board density and additive concentration were found to have 
remarkable effect on the TS and WA of the manufactured boards. 
It is deduced that when the board is exposed to wet conditions, 
the compression stress is released, which causes the boards 
springback, structural deformation, breakdown of bonds, fragility 
of boards and reduction in board’s stability (Ajayi 1993; Hiziro- 
glu et al. 1993). However, the swelling of boards caused by the 
release of compressive stress is not reversible except the increase 
in the level of water-intake (Ajayi 2000). 

The irreversibility of compression stress is associated with ir¬ 
reversibility of board’s stability and loss of bonds (Ajayi 2000 
and 2003a). The downward trend of the values of TS and WA 
(Fig. 3 and 4) was due to the gradual increase in the quantity of 
the two production variables (board density and calcium chlo¬ 
ride) used in boards manufacture. The reduction of the releases 
in compression stresses at the highest board density showed that 
highly dense boards resisted the springback forces (Ajayi 2000; 
Ajayi 2003b; Ajayi 2005; Fuwape et al. 1993). The increase in 
the concentration of calcium chloride had similar effects, in that 
boards produced at the highest level, had effectively retard the 
effect of remnants inhibitory substances in the particles and also 
increase the exothermic reaction of the cement by accelerating 
the setting and subsequent curing of the boards (Ajayi 2000; 
Ajayi 2003b; Simatupang et al. 1990; Saka et al. 1992). Analysis 
of variance of Table 2 shows that the effect of board density and 
additive concentration on TS and WA is significant at p> 0.05 
level. The interaction between the two variables has significant 
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Fig. 3 Effects of production variables on thickness swelling 
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Conclusion 

From the results of this present study, maize stalk (Zea mays ) 
particles provided suitable raw material for the production of 
cement-bonded particleboards. Boards produced showed resis¬ 
tance to compression stress releases as a result of contact with 
water, indicating that they were structurally stable. The dimen¬ 
sional stability and mechanical strength properties of the boards 
were affected by the board density and additive concentration. 
However, the increase in board density and additive concentra¬ 
tion could be attributed to the increase in MOR, MOE and the 
decrease in TS and WA of boards. Boards produced at the highest 
levels of the two variables are strongest and most stable than 
other boards. The follow-up test established the level of signifi¬ 
cant effect of board density and additive concentration on MOR, 


























































Journal of Forestry Research (2011) 22(1): 111-115 


115 


MOE, TS and WA of cement-bonded boards. 
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